PAT-NO: JP408017962A 



DOCUMENT-IDENTIFIER: JP 08017962 A 

TITLE: SEMICONDUCTOR DEVICE AND PACKAGE 

PUBN-DATE: January 19, 1996 



INVENTOR-INFORMATION: 
NAME 

WATANABE, SHUJI 
DAIKU, HIROSHI 
KAWADA, RON 



ASSIGNEE-INFORMATION: 

NAME COUNTRY 

FUJITSU LTD N/A 



APPL-NO: JP06152124 
APPL-DATE: July 4, 1 994 



INT-CL (IPC): H01L023/12, H01L027/00 



ABSTRACT: 

PURPOSE: To enable a semiconductor device and package comprising 
junctioned 

semiconductor substrates in different materials to be actuated without fail 
causing no warping between heat cycles. 



4/22/09, EAST Version: 2.3.0.3 



CONSTITUTION: The semiconductor device is composed of the first 
semiconductor substrate 12 formed of electronic parts, the second 
semiconductor 

substrate 14 formed differently from the first semiconductor substrate 12 
fixed 

on one surface of the first semiconductor substrate 12 and a supporting 
substrtae 16 fixed on the other purface of the first semiconductor substrate 
12. On the other hand, the first semiconductor substrate 12 is made thinner 
than the second semiconductor substrate 14 and the supporting substrate 16 
while the supporting substrate 16 is formed of the material in the thermal 
expantion coefficient approximate to that of the second semiconductor 
substrate 

14 than that of the first semiconductor substrate 12. 
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FULL CONTENTS 

[Ciaim(s)] 

[Claim 1]A semiconductor device which it has the following, and this 1st semiconductor 

substrate is made thinner than this 2nd semiconductor substrate and this supporting board, 

and is characterized by forming this supporting board with material with a thermal expansion 

coefficient near [ thermal expansion coefficient / of this 1st semiconductor substrate ] a thermal 

expansion coefficient of this 2nd semiconductor substrate. 

The 1st semiconductor substrate (12) in which electronic parts (18) were formed. 

The 2nd semiconductor substrate (14) that was formed aside from this 1st semiconductor 

substrate, and was attached to one surface of this 1st semiconductor substrate. 

A supporting board (16) attached to the surface of another side of this 1st semiconductor 

substrate. 

[Claim 2]The semiconductor device according to claim 1, wherein thickness of this 1st 
semiconductor substrate is smaller than 50 micrometers. 

[Claim 3]this 1st semiconductor substrate is made from silicon - this -- the semiconductor 
device according to claim 1 , wherein it is made from the 2nd semiconductor substrate gallium 
arsenide and this supporting board is made from sapphire. 

[Claim 4]The semiconductor device according to claim 1 currently pasting together when this 
1st semiconductor substrate and this 2nd semiconductor substrate contact each metal bump. 
[Claim 5]A semiconductor package comprising: 
The semiconductor device according to claim 1. 
Housing which attaches this semiconductor device. 

[Claim 6]The semiconductor package according to claim 5, wherein this semiconductor device 
turns this supporting board outside and is attached to this housing. 
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[Claim 7]The semiconductor package according to claim 6 joining when this semiconductor 
device and this housing contact each metal bump. 



[Detailed Description of the Invention] 
[0001] 

[industrial Application]This invention relates to the semiconductor device and semiconductor 
package which combine two semiconductor substrates from which materia! differed. 
[0002] 

[Description of the Prior Art]lf it can be used combining two semiconductor substrates from 
which material differed, the semiconductor device provided with the characteristic of each 
semiconducting material can be obtained. For example, since the semiconductor device which 
uses a silicon substrate fits a memory and the semiconductor device which uses a gallium 
arsenide board fits logic, If one semiconductor device is formed combining the semiconductor 
device which uses a silicon substrate, and the semiconductor device which uses a gallium 
arsenide board, it is small and the semiconductor device of high performance and a high 
density package can be obtained. 

[0003]ln order to obtain such a semiconductor device, JP,H1-259580,A is indicating the 
semiconductor device which combined the silicon substrate and the gallium arsenide layer by 
growing the layer of gallium arsenide epitaxially on a silicon substrate. However, there is a 
problem that very long time is required on a silicon substrate in the process which grows the 
layer of gallium arsenide epitaxially, and it is difficult to set up and maintain relevant process 
conditions. 

[0004]Then t JP,H4-116861,Aforms separately the silicon substrate in which electronic parts 
were formed, and the gallium arsenide board in which electronic parts were formed, and is 
indicating pasting both substrates together by contacting each metal bump. 
[0005] 

[Problem to be solved by the invention]Since [ however, ] a thermal expansion coefficient 
differs between a silicon substrate and a gallium arsenide board, When both boards are pasted 
together and operated by contacting each metal bump, stress was received between thermal 
excursions, curvature occurred in the silicon substrate by cyclic stress, and there was a 
problem that a defect of operation arose. The semiconductor package incorporating such a 
semiconductor device also had the same problem. 

[0006]The purpose of this invention is to provide a semiconductor device and a semiconductor 
package which join a semiconductor substrate from which material differed and do not have 
curvature between thermal excursions and which can operate certainly. 
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[0007] 

[Means for solving probiem]The 1st semiconductor substrate 12 in which a semiconductor 
device by this invention formed electronic parts, The 2nd semiconductor substrate 14 that was 
formed aside from this 1st semiconductor substrate, and was attached to one surface of this 
1st semiconductor substrate, It consists of the supporting board 16 attached to the surface of 
another side of this 1st semiconductor substrate, This 1st semiconductor substrate is made 
thinner than this 2nd semiconductor substrate and this supporting board, and this supporting 
board is formed with materia! with a thermal expansion coefficient near [ thermal expansion 
coefficient / of this 1 st semiconductor substrate ] a thermal expansion coefficient of this 2nd 
semiconductor substrate. 

[0008JA semiconductor package of this invention comprises: 
A semiconductor device of the above-mentioned description. 
Housing which attaches this semiconductor device. 

[0009] 

[Function]! n the above-mentioned composition, the 1st semiconductor substrate consists of 
silicon substrates, and the 2nd semiconductor substrate consists of a gallium arsenide board, 
for example. The 1st semiconductor substrate and 2nd semiconductor substrate of each other 
are joined, and, as for the 2nd semiconductor substrate of the 1st semiconductor substrate, a 
supporting board is joined to the opposite side. That is, the 1st semiconductor substrate is 
sandwiched between the 2nd semiconductor substrate and a supporting board. Since the 
thermal expansion coefficient of a supporting board is close to the thermal expansion 
coefficient of the 2nd semiconductor substrate, the difference of distortion by the thermal 
expansion between a supporting board and the 2nd semiconductor substrate is small. The 1st 
semiconductor substrate is pinched among these, and since it is very thin, does not curve 
easily between thermal excursions and does not produce a defect of operation. 
[0010]ln the above-mentioned semiconductor device by this invention, if the thickness of this 
1st semiconductor substrate is smaller than 50 micrometers, the above-mentioned operation 
can be demonstrated better, this 1st semiconductor substrate is made from silicon - this - it is 
preferred on operation that it is made from the 2nd semiconductor substrate gallium arsenide, 
and this supporting board is made from sapphire. When this 1st semiconductor substrate and 
this 2nd semiconductor substrate contact each metal bump and it is pasted together, it is 
desirable on manufacture and a high density package. 

[001 1]ln the above-mentioned semiconductor package by this invention, when this 
semiconductor device turns this supporting board outside, and is attached to this housing, and 
making protection of a semiconductor device and electric connection between a semiconductor 
device and housing, it is desirable. When this semiconductor device and this housing contact 
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each metal bump and it is joined, it is desirable on manufacture and a high density package. 
[0012] 

[Working exampie]Drawing 1 is a figure showing the semiconductor device 10 of the work 
example of this invention. The gallium arsenide board 14 which is the 2nd semiconductor 
substrate by which the silicon substrate 12 whose semiconductor device 10 is the 1st 
semiconductor substrate, and the silicon substrate 12 were formed independently, and were 
attached to one surface of the silicon substrate 12, It consists of the supporting board 16 
attached to the surface of another side of the silicon substrate 12. 
[0013]The silicon substrate 12 has the electronic parts 18, the lead conductor 20 and In 
compounds, such as CMOS, and lead Hitoshi Handa's metal bumps 22 and 24. The metal 
bump 22 is formed in both ends of the silicon substrate 12. The metal bump 24 is formed in the 
central part of the silicon substrate 12, and contacts a metal bump to whom the gallium 
arsenide board 14 corresponds. 

[0014]The silicon substrate 12 is made thinner than the gallium arsenide board 14 and the 
supporting board 16. For example, thickness of the silicon substrate 12 is 50 micrometers or 
less to thickness of about 500 micrometers and the supporting board 16 of thickness of the 
gallium arsenide board 14 being about 300 micrometers. Thickness of the silicon substrate 12 
is 10-20 micrometers preferably. 

[0015]The supporting board 16 is formed with material with a thermal expansion coefficient 
near [ thermal expansion coefficient / of the silicon substrate 12 ] a thermal expansion 
coefficient of the gallium arsenide board 14. As for the supporting board 16, it is more 
preferred that a thermal expansion coefficient is made from the material possible nearest to a 
thermal expansion coefficient of the 2nd semiconductor substrate (gallium arsenide board 14). 
In a work example, since the 2nd semiconductor substrate is the gallium arsenide board 14, 
the supporting board 16 is made from sapphire. The supporting board 16 is extensively pasted 
up on the silicon substrate 12 for example, by an epoxy adhesion agent. 
[0016]ln use, since the thermal expansion coefficient of the gallium arsenide board 14 and the 
supporting board 16 is mutually near, the difference of distortion by the thermal expansion 
between the gallium arsenide board 14 and the supporting board 16 is small. The silicon 
substrate 12 is sandwiched between the gallium arsenide board 14 and the supporting board 
16, and since it is very thin, it is hard to curve between thermal excursions, and a defect of 
operation is not produced. 

f0017]Prawing 2 is a figure showing the process of manufacturing the semiconductor device 
1 0 of drawing 1 . In (A), a number equivalent to two or more semiconductor devices 10 of the 
electronic parts 18 and the lead conductors 20 are formed in the surface of the silicon wafer 
12a which is the original form of the silicon substrate 12. in 8B, the back of the silicon wafer 
12a about 500 micrometers thick is ground, and it is made the about 10-20-micrometer-thick 
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siiicon substrate 12. Grinding is carried out by polish, etching, etc. 

[0018]Next, in (C), the supporting board 16 of sapphire about 300 micrometers thick is pasted 
up on the back of the silicon substrate 12 by an epoxy resin. The supporting board 16 is also 
joinable to the siiicon substrate 12 by other means, such as anode junction. Next, in (D), the 
metal bumps 22 and 24 of 910-20 micrometers of height arrows are formed in the prescribed 
position of the electronic parts 18 and the lead conductor 20 by liftoff. Next, in (E), dicing of the 
silicon substrate 12 and the supporting board 16 is carried out, and it is made a predetermined 
size. 

[0019]it is parallel to manufacture of the silicon substrate 12, and the gallium arsenide board 
14 is manufactured. After a predetermined logic circuit and a lead conductor (not shown) are 
formed in the gallium arsenide board 14 and also the metal bump 26 is formed in a logic circuit 
or an end of a lead conductor, dicing also of the gallium arsenide board 14 is carried out to a 
predetermined size. 

[0020]Next, in (F), the gallium arsenide board 14 is pasted together to the silicon substrate 12 
by contacting the metal bump 26 of the gallium arsenide board 14, and the metal bump 24 of 
the silicon substrate 12 (flip chip junction). In this case, performing an infrared penetration from 
the silicon substrate 12 side, and observing the metal bumps 24 and 26, position ****** of the 
metal bump 24 and the metal bump 26 is performed, and melting junction of the metal bumps 
24 and 26 is carried out at temperature about heating sticking by pressure or 120 degreeC by 
norma! temperature. In this way, the semiconductor device 10 of drawing 1 is obtained. 
r00211 Drawing 3 and drawing 4 are the figures showing the semiconductor package 40 
containing the semiconductor device 10 of drawing 1 . The semiconductor package 40 consists 
of the semiconductor device 10 and the insulating housing 42 which attaches the 
semiconductor device 10. While this semiconductor package 40 is a thing of a type called a pin 
grid array (PGA) and the insulating housing 42 has many pins 44 in an upper surface 
circumference part, The central part is equipped with the crevice 46 with a stage, and it has the 
metal bump 50 who is equivalent to the middle stepped surface 48 of the crevice 46 with a 
stage at the metal bump 22 of the semiconductor device 10. In the insulating housing 42, a 
conductive pattern (not shown) which connects the pin 44 and the metal bump 50 is provided. 
[0022]The semiconductor package 40 turns the supporting board 16 outside, and is inserted in 
the upper row circles of the insulating housing 42, The semiconductor device 10 is attached to 
the insulating housing 42 by contacting the metal bump 22 of the semiconductor device 10, 
and the metal bump 50 of the insulating housing 42 (flip chip junction). Thus, the 
semiconductor package 40 of the high density package which can operate certainly can be 
obtained. Since the surface of the supporting board 16 is exposed to the outside of the 
semiconductor package 40, cooling structures, such as for example, fin structure, can be 
provided in the surface of the supporting board 16. 
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[0023] Drawing 5 shows the semiconductor package 40 similarly called a pin grid array (PGA), 
and the pin 44 is formed in the undersurface circumference part of the insulating housing 42 in 
this example. Other composition is the same as that of the semiconductor package 40 of 
drawing 4 . Therefore, the semiconductor package 40 turns the supporting board 16 outside, 
and is inserted in the upper row circles of the insulating housing 42, The semiconductor device 
10 is attached to the insulating housing 42 by contacting the metal bump 22 of the 
semiconductor device 10, and the metal bump 50 of the insulating housing 42 (flip chip 
junction). 

r0024]Prawing 6 shows the semiconductor package 40 called the Leadlay SUCHIPPU carrier 
(LCP). In this example, the terminal 50 is formed in the side of the insulating housing 42. Other 
composition is the same as that of the semiconductor package 40 of drawing 4. Therefore, the 
semiconductor package 40 turns the supporting board 16 outside, and is inserted in the upper 
row circles of the insulating housing 42, The semiconductor device 10 is attached to the 
insulating housing 42 by contacting the metal bump 22 of the semiconductor device 10, and 
the metal bump 50 of the insulating housing 42 (flip chip junction). 

[0025]lt is ****** to attach two or more gallium arsenide boards 14 to the one silicon substrate 
12 in each above-mentioned work example. Or two or more semiconductor substrates can be 
attached as the 2nd semiconductor substrate to the 1st semiconductor substrate. In this case, 
two or more semiconductor substrates may be a thing of the same kind or a thing of a different 
kind as the 2nd semiconductor substrate. Thus, the degree of mounting can be made high. 
[0026] 

[Effect of the InventionJAs explained above, according to this invention, it can be providing the 
semiconductor device and semiconductor package which do not have curvature between 
thermal excursions and which can operate certainly combining two semiconductor substrates 
from which material differed. 



[Brief Description of the Drawings] 

[ Drawing 1] lt is a perspective view showing the semiconductor device of the work example of 
this invention. 

[Drawing 2] lt is a figure showing a manufacturing process for the semiconductor device of 
dra win g 1 . 

[ Drawing 3]it is an exploded perspective view showing the semiconductor package containing 
the semiconductor device of drawing 1 . 

[Drawing 4] It is a semiconductor package **** sectional view of drawing 4. 

[Drawing 5] It is a sectional view showing other examples of a semiconductor package. 
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[Dr awing 6]lt is a sectional view showing the example of further others of a semiconductor 
package. 

[Explanations of letters or numerals] 

12 - Silicon substrate 

14 - Gallium arsenide board 

16 - Supporting board 

18 Electronic parts 

22, 24 - Bump 



[Drawing 1] 




20 




[Drawing 3] 
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[Drawing 2j 

( A } Jk. -12a 



( B ) {= 



( □ ) j 3 X 16 



a =4-— 12 



[Drawing 4] 
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[Drawing 5 ] 




[Drawing 6] 
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[Translation done.] 
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